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Abstract 
The relationships between sagitta otolith morphology and fish size were examined for 
common carp in the Southern Caspian Sea; and also the aging of different length groups were 
determined. Statistical tests to examine correlation between left and right otoliths dimensions 
were carried out and no statistically significant difference between them was found. The 
biggest otolith had 0.032g weight belongs to an individual with BW= 428g and FL=36cm; 
and the smallest otolith had 0.014g for a fish with BW=220g and FL= 26cm. Regression 
model relations to each otolith morphometric parameter to fish length are provided. Also, the 
aging of this species was done by sectioning of sagitta otolith and a high significant 
correlations was found between fish age and morphometric parameters of both body weight 
and fork length and also otolith weight and length. The maximum age was determined 6+ 
years. The length-weight relationship was BW= 0.006 TL3.232 (r = 0.963). According to the 
morphometric relationships obtained, it was concluded that otolith length and weight are good 
indicators of fish body weight and fork length. 
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Introduction 
The common carp (Cyprinus carpio 
Linnaeus, 1758; Cyprinidae) is one of the most 
important and commercial species in the 
Southern Caspian Sea with a total catch of 1761 
tones in year 2010 (Iran Fishery Organization, 
Statistical Dept., 2011). The total biomass (in 
number was estimated about 27.2 million 
individuals (Daryanabard et al., 2009). The 
main habitats of C. carpio in the Caspian Sea 
basin are mouth of river, lagoons and coastal 
waters (Karperich, 1975; Kasyanove and 
Izyumov, 1995); and also is one of the main 
aquaculture species in Iran that are cultured in 
the earthen ponds.  
Otoliths are composed of calcium carbonate, 
generally in the form of aragonite arranged in a 
laminar form in a protein matrix. Otoliths 
commonly are used to determine the taxon, age 
and size of fishes. This information is used for 
fisheries management, prey-predator studies 
and archeological research (Harvey et al., 
2000). The determination of fish age around the 
world for fishery stock assessment purposes 
constitutes the most significant application of 
direct ageing and age structured analysis in any 
biological application (Campana and Thorrold, 
2001). 
Regarding to the importance of morphological 
studies of otoliths, it should be noted that 
paleontologists, archeologists and 
oceanographers have recorded otoliths in 
sediments and have determined species of 
fishes from otolith (Fitch, 1968, 1969; Casteel, 
1976). 
Trouth (1954), Templemana and Squires (1956) 
were among the first to demonstrate a 
significant positive relationship between otolith 
size and fish size of Barents Sea cod and 
haddock. Relationship between fish size and 
otolith morphometric in some clupeids from the 
Persian Gulf and Oman Sea were investigated 
(Valinassab et al., 2012). Since these early 
studies, relationship between otolith length and 
fish length have been generalized for fish 
species including for example North Pacific 
gadids, rockfishes, fishes off Baja California, 
and 10 species of clupeids in the Persian Gulf 
and Oman Sea (Valinassab et al., 2012). 
The present study focuses on morphology of 
saccular otolith (sagitta) of C. carpio species, 
which is the largest and/or most massive of 
three types of otoliths in most groups of teleosts 
including Cyprinids. On the other hand, age 
structure was described according to the 
prepared cross sections of otolith. 
 
Materials and methods 
A total of 160 specimens were collected 
seasonally from artisanal fishermen at several 
landing sites. The study area restricted to the 
Southern Caspian Sea, from longitude 49º 00´E 
to 54º 00´E (Fig. 1) during the period of 2011-
2012. 
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Figure 1: Map of study area in the southern Caspian Sea 
Fish samples were caught mostly by beach 
seine method. Collected common carps were 
preserved in ice boxes and were transferred to 
the laboratory for further biological 
measurements and otolith extraction. 
The fork (FL) and total length (TL) of fish 
were measured by biometry board (to the 
nearest 0.1 mm) and body weight to the nearest 
of 0.01 g for all specimens. Length-weight 
relationship was described using the potential 
function (Sparre et al., 1992; King, 1995) as: 
      
Where: BW is the body weight (g), FL is the 
fork length (mm), a is intercept of regression 
and b is regression coefficient. 
An abdominal incision was made to 
determine sex of specimens. Sagitta otoliths 
were taken for each specimen, cleaned and 
stored dry in glass vials for later age 
determination. Total sagitta otolith weight 
(OW) was measured using an electronic balance 
to the nearest 0.00001g. Otolith length (OL) is 
defined as the longest dimension between the 
posterior edges of otolith; and otolith width 
(OH) as the dimension from the dorsal to 
ventral edge (Fig. 2).  
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Figure 2: Morphometric measurement of sagitta otolith in 
Then 30 otoliths were selected in different 
fish sizes and were embedded in clear epoxy 
resin and sectioned using a Buehler low
saw containing a diamond blade which cut a 
thin section (300 µm) through the nucleus. A 
grinding wheel fitted with silicon carbide paper 
with different grit sizes flushed with water 
used to remove excess resin to provide a 
polished face for viewing. The section is then 
 
Figure 3: The SEM image of  
                                           
 
Cyprinus carpio using MATIC 
proramme 
-speed 
was 
mounted on a glass slide and read
Nikon compound microscope. The sectioned 
otoliths were read independently twice with no 
reference to the previous readings and without 
any knowledge of the fish specifications.
Morphometric and age relationships were 
built using regression models which best fit the 
data distribution such as: BW vs. TL, OW vs. 
BW, OL vs. TL, age vs. OL. 
 
Cyprinus carpio sagitta otolith
   762 
 under a 
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Figure 4: A sample of sectioned Cyprinus carpio sagitta otolith 
Results 
The maximum and minimum otolith length 
and weight are 6426, 3224 µm; and 0.0073, 
0.0021 g, respectively. All parameters measured 
did not show significant morphometric 
differences between left and right otoliths 
(P>0.05). The statistical analysis of otolith 
morphometric parameters showed that otolith 
length and otolith weight are good indicators of 
fish size. The exponential equation from scatter 
diagram (Fig. 5) can be given as follow: 
0.006 .. 
The exponential regression model, were 
described for some morphometric parameters 
such as FL vs. OW and BW vs. OW (Figs. 6 
and 7). High correlation coefficients (r=0.96) 
was calculated for the fork length (FL) and 
body Wight (BW).  
 
 
 
 
 
 
Figure 5: The length-weight relationship in Cyprinus carpio in the southern Caspian Sea 
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The results revealed that the minimum and 
maximum age were determined as 1+ to 6+ years 
with the otolith length and weight 3224-6426 
µm and 0.0021-0.0073g, respectively. The 
following linear relationships between them 
were analyzed: 
  0.001   0.001   0.938 
  613.5   2782   0.964 
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Figure 6: The body weight-otolith weight relationship in Cyprinus carpio 
 
 
Figure 7: The relationship between age and otolith weight in Cyprinus carpio 
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Figure 8: The relationship between age and otolith length in Cyprinus carpio 
Discussion 
This study on exponential of TL vs. BW 
relationship in Cyprinus carpio provides 
isometric growth as BW=0.006 TL3.232 
since the regression coefficient b did not 
differ significantly from the theoretical 
value 3. This finding is in agreement with 
the result of Daryanabard et al. (2009) in 
which the stock assessment of commercial 
bony fishes including C. carpio in the 
Iranian waters of the Caspian Sea was 
carried out during 2005 to 2007. The 
length-weight relationship is an important 
factor in fish biological and stock 
assessment studies (Abdurahimian et al., 
2004) and having high application in 
different biological studies such as: growth, 
gonadal development, feeding rate, maturity 
and condition factor (Kasyanov and 
Izyumov, 1995; Kamali and Valinassab, 
2003). 
No significant morphometric differences 
between left and right otoliths were 
described. This finding is in agreement with 
Homauni et al., 2011; Valinassab et al., 
2012 with study of clupeids of the Persian 
Gulf. Also investigation of sagitta 
morphometric parameters in eight species 
of the NW Atlantic Ocean carried out by 
Hunt (1992) showed no statistically 
significant difference between left and right 
otoliths. Similarly, Harvey et al. (2000) 
revealed that 63 species of the Eastern 
North Pacific Ocean, the relationship 
between otolith length and body weight was 
y = 613.5x + 2782.
R² = 0.930
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not significantly different between left and 
right otolith for all with except for one 
species. 
The linear regression between otolith 
length and weight with fish length and 
weight were described and it was found that 
the otolith morphometric parameters were 
good indicators especially otolith weight. 
The same results have been reported by 
Homauni et al., 2011 for clupeids, 
Mansour-Kiaiee et al. (2011) for carangids 
and Valinassab et al. (2012) for clupeids of 
the Persian Gulf and Oman Sea. There is a 
significant linear relationship between 
above mentioned parameters and they are in 
agreement with studies on salmonids, cod 
and perch fish. 
There was significant correlation between 
otolith length and weight with fish size. The 
somatic growth rate is governed by the 
aquatic environment, food quality and 
quantity, internal patterns and etc. (Wright 
et al., 1990). 
The shape of C. carpio otolith is shown in 
Figures 2 and 3. One of the main important 
application of the shape and morphology of 
the otolith of each species is to describe the 
prey-predator relationship in food chain and 
therefore the identification of number and 
size of fish eaten (with emphasize on 
common carp in this study) can be applied. 
In this research, in previous studies the age 
up to 8 years old has been reported 
(Daryanabard et al., 2009), meanwhile the 
based on finding of this research the 
maximum age was determined as 6 years 
old. The absence of some older ages can be 
due to overexploitation within last decade 
(Daryanabard et al., 2009). Also a 
significant linear regression was found 
between age and otolith length and weight 
(Figs. 7, 8) and it was attested a high 
correlated relationship between otolith 
length and weight with fish size. 
 
Acknowledgements 
The authors would sincerely appreciate 
Mr. Adjeer for his hard effort to prepare the 
samples. Sincere thanks to Mr. Nahrevar 
and Dr. Parafkandeh for their helps and 
advice for age determination. 
 
References 
Abdurahiman, K.P., Harishnayak, T., Zacharia, 
P. U. and Mohamed, K.S., 2004.  Length-
Weight relationships of commercially important 
marine fishes  and shellfishes of the Southern 
Coast of Karnataka , Indian Journal of World 
fish,  27: 9–14 .                                                                                                  
Campana, S.E. and Thorrold S.R., 2001. Otoliths, 
increments, and elements: keys to a 
comprehensive understanding of fish 
D
ow
nl
oa
de
d 
fro
m
 jif
ro.
ir a
t 1
0:1
8 +
03
30
 on
 Fr
ida
y F
eb
rua
ry 
16
th 
20
18
 767                                                                    Iranian Journal of Fisheries Sciences12(4) 2013             
 
 
 
 
populations? Canadian Journal of Fisheries and 
Aquatic Sciences., 58:30–38. 
Casteel, R.W., 1976. A key, based on scales, to the 
families of native California freshwater fishes. 
Proceedings of the California Academy of 
Sciences, 39: 75-86. 
Daryanabard, G.R., Abdolmaleki, S. and 
Bandani, A., 2009. Stock assessment of bony 
fishes in the Iranian waters of the Caspian Sea 
(2005-2007). Final report, The Caspian Sea 
Ecology Institute, Iranian Fisheries Research 
Organization, 158P.  
Fitch,  J.E., 1968.  Otoliths and other fish remain 
from the Timms Point silt (early Pleistocene) at 
San Pedro, California. Los Angeles County 
Museum Contributions in Science., 146:1-29.  
Fitch, J.E., 1969. Fossil records of certain schooling 
fishes of the California current system. CalCOFI 
Reports., 13:71-80. 
Harvey, T.J., Loughlin, R.T., Perez, A.M. and 
Oxman, S.D., 2000. Relationship between fish 
size and otolith length for 63 species of fishes 
from the Eastern North Pacific Ocean. NOAA 
Technical Report NMFS. 150 p. 
Homauni, H., Valinassab, T. and Seifabadi, J., 
2011. A comparison between otoliths of ten 
clupeids species in the Persian Gulf. Iranian 
Scientific Fisheries Journal, Year 20. No,2, 
pp.141-152. 
Hunt, J.J., 1992. Morphological characteristics of 
otoliths for selected fish in the Northwest 
Atlantic. Journal of Northwest. Atlantic Fish. 
Sciences, 13:63-75. 
Iran Fishery Organization, Statistical 
Department, 2011. Catch Statistics of the 
Iranian waters, 60 p. 
Kamali, E. and Valinassab, T., 2004. Fish 
reproduction. Iranian Fisheries Research 
Organization Press. Tehran. 178 p. 
Karperich A.F., 1975. Theory and practice of 
aquatic organism acclimatization. Food Industry 
Publishing . Moscow . 432 p. 
Kasyanove, A.N. and Izyumov, Y.U.G., 1995. 
Growth and morphology of roach Rutilus rutilus 
from lake pleshcheyevo after introduction of 
Dreissena polymorpha . Journal of Ichthyology 
No . 35 (8) 1995.  
King, M., 1995. Fisheries biology, assessment and 
management. Blackwell Publication. 341 p. 
Mansour-kiaee, A., Valinassab, T., Vosoughi, 
G.H. and Mostafavi, P., 2011. Comparative 
morphology of the otolith of Carangids species 
in the Persian Gulf and Oman Sea. Biosciences, 
Biotechnology Research Asia Journal. 8(2): 417-
423. 
Sparre, P., Ursine, E. and Venema, S.C., 1992. 
Introduction to tropical fish stock assessment. 
Part 1- manual., 337p., FAO, Rome, Italy. 
Templemana, W. and Squires, H.J., 1956. 
Relationship of otolith lengths and weights in the 
haddock, Melanogrammus aeglefinus (L.), to the 
growth of the fish. Journal of the Fisheries 
Research Board of Canada., 13:467-487. 
Trouth, G.C., 1954. Otolith growth of the Barents 
Sea cod. Rapp. P-V. Reun. Cons. Int. Explor. 
Mer., 150:297-299. 
Valinassab, T., Seifabadi, J., Homauni, H. and 
Afraie, A., 2012. Relationships between fish size 
and otolith morphometric in some clupeids from 
the Persian Gulf and Oman Sea. Cybium Journal, 
pp.1-5. 
D
ow
nl
oa
de
d 
fro
m
 jif
ro.
ir a
t 1
0:1
8 +
03
30
 on
 Fr
ida
y F
eb
rua
ry 
16
th 
20
18
 Amouei et al., Age determination and Morphological study using Otolith                                               768 
 
 
Wright, P.J., Metcalfe, N.B. and Thorpe, J.E., 
1990. Otolith and somatic growth rates in 
Atlantic salmon parr, Salmo salar (L.): evidence 
against coupling. Journal of Fish Biology., 
36:241-249.   
 
                                     
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D
ow
nl
oa
de
d 
fro
m
 jif
ro.
ir a
t 1
0:1
8 +
03
30
 on
 Fr
ida
y F
eb
rua
ry 
16
th 
20
18
             3102 )4(21secneicS seirehsiF fo lanruoJ nainarI                                                                    967 
 
 
 
 
در  (oiprac sunirpyC)ﺗﻌﻴﻴﻦ ﺳﻦ و ﺑﺮرﺳﻲ رﻳﺨﺖ ﺳﻨﺠﻲ اﺗﻮﻟﻴﺖ ﻛﭙﻮر ﻣﻌﻤﻮﻟﻲ 
  ﺣﻮزه ﺟﻨﻮﺑﻲ درﻳﺎي ﺧﺰر
  1ﻫﻴﺘﻮف  ، ﻋﺒﺪوﻟﻲ 2، ﺗﻮرج وﻟﻲ ﻧﺴﺐ* 1ﻓﻠﻮر ﻋﻤﻮﻳﻲ
 2931آﺑﺎن :ﭘﺬﻳﺮش                             1931دي  :درﻳﺎﻓﺖ
 
  ﭼﻜﻴﺪه
در ﺟﻨﻮب ﺷﺮﻗﻲ درﻳﺎي ﺧﺰر ( oiprac sunirpyC)رواﺑﻂ ﺑﻴﻦ وﻳﮋﮔﻲ ﻫﺎي رﻳﺨﺖ ﺳﻨﺠﻲ اﺗﻮﻟﻴﺖ ﺳﺎﺟﻴﺘﺎ و اﻧﺪازه ﻣﺎﻫﻲ ﻛﭙﻮر ﻣﻌﻤﻮﻟﻲ     
ﺑﺮرﺳﻲ آﻣﺎري ﺑﺮاي ﺗﻌﻴﻴﻦ ﺿﺮﻳﺐ ﻫﺒﺴﺘﮕﻲ ﺑﻴﻦ اﺗﻮﻟﻴﺖ  ﻫﺎي راﺳﺖ وﭼﭗ . ﻣﻮرد ﺑﺮرﺳﻲ ﻗﺮار ﮔﺮﻓﺖ  ، وﺳﻦ ﮔﺮوه ﻫﺎي ﻣﺨﺘﻠﻒ ﺗﻌﻴﻴﻦ ﺷﺪ
ﻃﻮل ﮔﺮم و  824ﮔﺮم ﺑﺎ وزن ﺑﺪن 0/230ﺑﺰرﮔﺘﺮﻳﻦ اﺗﻮﻟﻴﺖ داراي وزن. اﻧﺠﺎم ﺷﺪ واز ﻟﺤﺎظ آﻣﺎري اﺧﺘﻼف ﻗﺎﺑﻞ ﺗﻮﺟﻬﻲ ﺑﻴﻦ آﻧﻬﺎ  ﻳﺎﻓﺖ ﻧﺸﺪ 
رواﺑﻂ ﻣﺪل رﮔﺮﺳﻴﻮن .ﺳﺎﻧﻴﻤﺘﺮ ﻣﻲ ﺑﺎﺷﺪ  62ﮔﺮم وﻃﻮل ﭼﻨﮕﺎﻟﻲ  022ﮔﺮم ﺑﺎ وزن ﺑﺪن 0/410ﺳﺎﻧﺘﻴﻤﺘﺮ، و ﻛﻮﭼﻜﺘﺮﻳﻦ اﺗﻮﻟﻴﺖ  63ﻓﻮرك 
ﻃﺒﻖ ﻧﺘﺎﻳﺞ ﺑﺪﺳﺖ آﻣﺪه ، وزن وﻃﻮل اﺗﻮﻟﻴﺖ ، ﺷﺎﺧﺺ ﻣﻨﺎﺳﺒﻲ ﺑﺮاي ﺗﻌﻴﻴﻦ . ﭘﺎراﻣﺘﺮ ﻫﺎي رﻳﺨﺖ ﺳﻨﺠﻲ اﺗﻮﻟﻴﺖ ﻫﺎ ﺑﺎ اﻧﺪازه ﻣﺎﻫﻲ ﺗﻌﻴﻴﻦ ﺷﺪ 
ﺗﻌﻴﻴﻦ ﺳﻦ اﻳﻦ ﮔﻮﻧﻪ ﺗﻮﺳﻂ ﺑﺮش اﺗﻮﻟﻴﺖ ﺳﺎﺟﻴﺘﺎ اﻧﺠﺎم ﮔﺮﻓﺖ ، و ﺣﺪاﻛﺜﺮ ﺳﻦ ﻣﺎﻫﻲ ﻛﭙﻮر ﻣﻌﻤﻮﻟﻲ .ﻟﻲ ﻣﺎﻫﻲ اﺳﺖ وزن ﺑﺪن وﻃﻮل ﭼﻨﮕﺎ
ﺿﺮﻳﺐ ﻫﻤﺒﺴﺘﮕﻲ ﺑﺎﻻﺋﻲ ﺑﻴﻦ ﺳﻦ ﻣﺎﻫﻲ ﺑﺎ ﻃﻮل و وزن اﺗﻮﻟﻴﺖ ، و ﻫﻤﭽﻨﻴﻦ ﺑﻴﻦ ﺳﻦ ﺑﺎ ﻃﻮل و وزن ﺑﺪن ﻣﺎﻫﻲ ﺑﺪﺳﺖ .ﺳﺎل ﺗﻌﻴﻴﻦ ﮔﺮدﻳﺪ +6
  .ﻣﺤﺎﺳﺒﻪ ﺷﺪ( 369.0=r)  232.3LT600.0=WBراﺑﻄﻪ ﺑﻴﻦ ﻃﻮل ووزن ﺑﺪن ﻛﭙﻮر ﻣﻌﻤﻮﻟﻲ . آﻣﺪ 
  
  درﻳﺎي ﺧﺰر ،oiprac sunirpyC اﺗﻮﻟﻴﺖ ﺳﺎﺟﺒﺘﺎ، ﺳﻦ، :ﻟﻐﺎت ﻛﻠﻴﺪي 
  
  
  
  
  
  
 داﻧﺸﮕﺎه ﺗﺎﺟﻴﻚ آﮔﺮارﻳﻦ، دوﺷﻨﺒﻪ، ﺗﺎﺟﻴﻜﺴﺘﺎن-1
  ، ﺗﻬﺮان، اﻳﺮان611-58131:ﻣﻮﺳﺴﻪ ﺗﺤﻘﻴﻘﺎت ﻋﻠﻮم ﺷﻴﻼﺗﻲ ﻛﺸﻮر، ص پ-2
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